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INTRODUCTION AND HISTORICAL BACKGROUND 
The phenomenon of muscular contraction has long 
been of particular interest to physiologists, biochemists 
and pharmacologists. Much work has been done in an effort 
to elucidate the chemical interactions and the mechanisms 
of converting chemical energy to mechanical work in muscle. 
The general outline of the contractile process has 
been well established in skeletal muscle but the intimate 
details are still unclear. Muscle fibers are made up of 
fibrous protein, principally myosin, actin and some others. 
The contractile complex is believed to be a combination of 
actin and myosin which is formed following excitation of the 
1 membrane element. The ATPase activity of myosin is greatly 
2 enhanced in this form. At some time during the process 
phosphate is split of~ the ATP releasing a substantial amount 
of energy, approximately 8-10 kilocalories. 
ATP ) ADP+ P + 10 kcal energy 
AT Pase 
The ATP molecule has the 
0 0 0 
11A llB 11 
-o-p..-.... 0-P.-...O- P-...O-CH2 
I I I -o -o -o 
following molecular structure. NH2 
I C N 
N~ "-.c/ ~ 
I II CH 
HC ~ /C"-... / 
'.:::: N.....- N 
-1- 
The conventional view is that the energy released is util- 
ized to bring about the shortening of the muscle fibers. 
There are varying views as to how the shortening proceeds. 
Presently favored is the sliding filament theory.3 The 
molecular deformation theory, however, has its proponents.4 
Most of the work done with contractile protein has been 
either in ·solution or in the fibrous form. At ionic strength 
(I = • 3 where l = 1/2 I: c..L z~ , where cJ... = molar concentra- 
tion of each ion and ~;_ = its valence) actomyosin is insoluble 
and the addition of ATP brings about change in the protein, 
measurable if the protein is ·in thread form.5 At ionic 
strengths of .4 or greater the addition of ATP to solutions 
of actomyosin results in a considerable decrease in viscosity 
changes in the flow birefringence and other properties of 
the solution. The general explanation of this interaction 
has been that ATP dissociates the actomyosin complex into 
4 its constituents actin and myosin. On the basis of light 
scattering and sedimentation molecular weight data, it has 
been concluded that the interaction of ATP does not result 
in a dissociation of the actomyosin complex since the mole- 
. 6 cular weight of the complex is not perceptibly changed. 
Further support for the latter conclusions is found in 
work done using actomyosin obtained from R-R muscle which 
under certain conditions shows no significant difference in 
the intrinsic viscosity (indicative of size and shape of 
infinite dilution) before and after addition of ATP 
-2- 
indicating again no change in shape or size of the molecule.7 
Theoretically, if the d~ssociation theory of actomyosin 
by ATP is correct, a solution of actomyosin with excess ATP 
should show more than one peak when subjected to free flow 
moving boundary electrophoresis. It has been found that 
when an amount of ATP that was sufficient to bring about 
marked changes in viscosity values was added to protein 
solutions undergoing electrophoretic analysis only one com- 
ponent was found. This finding has provided the basis for 
the electrophoretic analysis of the interaction of ATP with 
actomyosin to be presented in this thesis. 
Electrophoresis, the migration of charged macromole- 
cules in an electric field is one of the more accurate 
methods with which to study systems such as the ATP-actomyosin 
interaction with respect to changes from a condition of homo- 
geneity to one of heterogeneity as well as changes in the 
mobility and zeta potential. 
The development of electrophoresis dates back to the 
chance observation by a Russian physicist,·Reuss, in 1807 of 
macro-moleculer behavior in an electrical field. Other factors 
in the development of this method were the discovery of the 
relationship between current and electric field by Ohm in 
1827, the laws of electrochemistry discovered by Faraday in 
1834 and the general development of chemistry and physics. 
The Debye-Hllckel Theory of interionic attraction has been of 
great importance in the development of electrophoresis theory. 
-3- 
The application of electrophoresis to biological problems 
evolved rapidly after Tiselius adapted the electrophoretic 
apparatus in 1937. 
The modern apparatus for free flow moving boundary work 
with its low temperature bath, U-tubes with precision ground 
optical faces and the ingenious schlieren optical system 
constitutes a powerful method for molecular-level research. 
-4- 
METHODS 
A. Protein Preparation 
The sources of actomyosin for this study were from 
rabbits using the same general extraction procedure but 
different drugs on the animals. Myosin-R was obtained by 
the intravenous administration of 0.5 to 1 mg/Kgm Ryanodine, 
a purified crystalline material from the South American 
plant Ryania speciosa Vahl which induces a pre-mortem rigor 
in the skeletal muscle of many mammalian species. The 
intense shortening of the muscle is accompanied by a dec- 
reased extractibility of myosin.8 It has been postulated 
that actomyosin obtained from R-R muscle is a complex with 
much stronger binding between the constituents actin and 
9 myosin resulting in a single component or total actomyosin. 
Myosin-B was obtained by anaesthetising rabbits with 30 
mg/Kg of sodium pentobarbital administered intra-venously. 
After development of rigor or anaesthesia, the animal was 
exsanguinated, the hindlimbs skinned, and the entire carcass 
plunged into an ice bath. The muscles of the hind-limbs 
were removed and minced in a meatgrinder. Usually 200-400 
grams of muscle mince was extracted with 5 cc/mg of Weber- 
Edsall solution: .6 M KCl, .04 M NaHCOs, .01 M Na2C03, 
H 7 6 The extraction time was four hours. p • • The solution 
was then strained through cheese cloth, and centrifuged 
several times over a period of two days. The precipitate 
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was kept refrigerated at all times to avoid denaturation. 
For electrophoretic analysis the protein was dialysed 
against a suitable buffer solution. The buffer must be 
homogeneous so that it will not split into components of 
different mobilities when subjected to an electrical field. 
Generally uni-valent buffers are preferred. 
It was found that the best buffer system for the pre- 
sent work was the phosphate buffer system: 4.96 gm/41 
NaH2P04.lH20, 133.52 gm/41 NaHP04.7H20 with I= o.4, pH 7.8 
and 0.35M. The pH was adjusted using experimentally determ- 
ined amounts of HCl or NaOH, 2N. 
Table 1 contains the constituents of the various 
buffer systems used in series 2 at ionic strength of o.4. 
For electrophoretic analysis the protein was diluted 
to a working concentration of approximately 3500 microgm./cc 
with the buffer against which it was dialyzed. For dialysis 
the diluted protein solution was placed in a visking dialysis 
bag, suspended in a liter of buffer solution and placed in 
the cold room on a magnetic stirring device for 24 hours. 
Usually the time of dialysis was that necessary for the 
specific conductance of the protein solution to approximately 
reach that of the buffer. The conductance was measured in 
a Shedlovsky type conductance cell using a Leeds-Northrup 
model 4960 ratio box. The purpose of dialysis is to make 
i.he sample and the concentration of ions as similar as 
possible to the supernatant buffer by establishing a Donnan 
-6- 
equilibrium. The process separates truly dissolved 
crystalloids from those in colloid suspension (protein) 
by allowing the dissolved substances to pass through the 
semi-permeable membrane. 
The dialysed protein suspension was then placed in a 
Tiselius cell of 0.3 cm cross-sectional area: (Figure 1). 
This cell is made up of three sections as shown. The ground 
glass surfaces of each section are first coated with silicone 
grease. The cell was assembled so that all the channels of 
the U-tube were lined up. Using a syringe the bottom section 
of the U-tube was filled with the protein solution. The two 
upper sections were shifted to the right closing off the 
filled lower compartment. The left side of the middle 
section was filled with the protein solution. The excess 
protein was removed from the right side and buffer used to 
fill this side. The top section was then shifted back to 
the left until it closed off the middle section. Excess pro- 
tein was removed from the left side and buffer solution was 
put into both arms of the top compartment. The steps of 
this procedure are summarized in Figure 2. 
The filled cell was next set in the cell support and 
a buffer vessel attached to each side. The Ag-Cl electrodes 
were placed in the vessels. The vessels were filled with 
buffer solution and 10 ml of saturated NaCl solution placed 
around the electrode coils. The electrode reaction is: 
-7- 
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BUFFER LIMB 
Figure 1 Exploded view, standard Tiselius cell 
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GATE 
TOP SECTION 
CENTER SECTION 
BOTTOM SECTION 
~~ SAMPLE 
f.:-.·.-;· ... .';·1! BUFFER 
Figure 2 Tiselius cell, filling technique 
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Anode: Ag+ c1- ) AgCl + e ~ 
C~thode: Ag Cl + e > Ag++ Cl 
The cell and electrode assembly (Figure 3) was then placed 
in a constant temperature bath at 4 degrees centigrade and 
allowed to equilibrate for 10-15 minutes. 
An operating voltage of 175 volts and a current of 
0.175 milliamps was used for all work. The apparatus was 
equipped with a- constant voltage supply attachment. 
After equilibrium was reached, the middle compartment 
was shifted so as to bring all three sections into align- 
ment and enough buffer was added to bring the boundaries 
into sight of the viewer. 
The data consists of photographs of anything that 
happens of interest in the course of the run. Initial 
photographs are taken of the ascending and descending 
boundaries and the time of current application noted. When 
the boundaries are about to pass each other, i.e., the 
halfway point, the current is turned off, the time noted, 
and photographs of the separate boundaries were again taken. 
These photographs and the times were used later to calculate 
mobilities. 
The Schlieren optical system produces a boundary out- 
lined in light through refraction phenomenon. The solution 
in the cell is illuminated by a horizontal beam of light 
which passes through a collimating lense, the cell and 
through a schlieren lense which focuses on a diagonal slit. 
-11- 
BUFFER 
VESSEL- 
\:. 
Pigure 3 Standard analytic assembly, 2-ml Ttseltus cell and open system 
The presence of a boundary, i.e. a difference in refractive 
index, deflects the light do~nward producing the "boundary'' 
which is viewed on the screen or photograph. Sample photo- 
graphs are shown in Figure 4. 
The viscosity coefficients required for calculation of 
the zeta potentials were obtained using calibrated Cannon- 
Ubbelohde capillary viscometers. 
Protein concentrations were determined by the colori- 
10 metric method of Lowry, et al. Readings were made on a 
Beckman DB spectrophotometer. 
ATP, obtained from the Sigma Chemical Company, was of 
99% purity. The ATP was weighed to 0.0004 mg, dissolved in 
a microdrop of water and mixed with the dialysed protein 
immediately preceding the electrophoretic run. 
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B. Calculations: 
The polaroid pictures obtained from the electro- 
. phoretic run provided information for the calculation of 
the mobility of a macromolecule in a given electrical 
field strength. 
Electric Field Strength: 
The electric field strength E, the force on an ion 
in an electric field, is proportional to the potential 
gradient at some point in the cell. The calculation is 
done for the area of the electrophoretic cell since this 
is where the cross-sectional area is the smallest and the 
resistance greatest. The expression for the field strength 
is: 
E = i (s) {k) 
i = current in ampheres 
s = cross-sectional area of cell in cm2 
k = specific conductance of the solvent in ohms-lcm-1 
1 11 The units of E are volts cm- . 
Mobility: 
Using the value of E an electrophoretic mobility was 
calculated. This is the velocity of an average molecule in 
a unit electric field in the body of the protein solution. 
-d µ = ( t) (E) 
-14- 
t =time of migration (of applied electric field) 
E =electric field st~ength 
-d =distance in cm of migration 
The distance of migration is measured directly from the 
photographs. By superimposing the initial and final 
boundary photographs, dropping vertical lines from the 
maximum of each peak to the same base line, the total dis- 
tance moved by the particle in that boundary in time, t, 
may be directly measured. Figure 4 illustrates the general 
procedure followed. The mobility is expressed in cm2 volt-1 
sec-1. 11 
Electrical Double Layer and Zeta Potential: 
Further parameters are related to the electrical sur- 
roundings of a migrating particle in an electrical field. 
The charged particle is surrounded by a tightly bound layer 
of solvating molecules. At the edge of this tightly bound 
layer, ·which migrates with the central particle, there are 
-15- 
shearing forces against the solvent atmosphere·. Around this 
is a non-migrating solvent atmosphere with a net charge 
opposite that of the central particle but not as dense as 
the charge in the solvating migrating layer. This layer 
is referred to as the diffuse double layer. 
Illustrative Patterns of Electrophoretic 
Boundaries of Actomyosin obtained 
in presence of ATP 
Ascending Boundary Descending Boundary 
Initial 
I -d2 -d2 I ~ ti .. r •1 
I I I 
I -dl 1-d11 ~ 1• 
~ I 
False 
Boundary 
\ Final 
False 
Boundary 
l' 
) 
Ascending Boundary Descending Boundary 
Distance of migration of primary 
or "slow" peak 
Distance of migration of secondary 
or "fast " peak ' 
Two peaks produced by addition of 2 mg/cc ATP 
Figure 4 
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A consideration of the potential at various distances 
from the particle with charge Q introduces the zeta poten- 
tial, which is related in a quantitative way to the 
retardation effects of salts. If one assumes the particles 
to be spherical, with zero potential,"'/'"= O, then the poten- 
tial due to the charges on a sphere of radius r, assuming 
spherically symmetrical charge distributions, is Q/Dr. 
The potential at the surface, as well as its immediate 
neighborhood, depend upon the prescence or absence of salts. 
The prescence of a salt results in a crowding of opposite 
charges at the surface of the surrounding liquid and tends 
to reduce the total potential at and near the surface. This 
resultant surface potential which is the sum of the potential 
close to the ions and the charges on the sphere is the zeta 
potential. With no salt present r = Q/Dr. As the salt 
concentration increases, the zeta potential drops. The 
exponential decrease in potential as one moves away from 
the particle becomes sharper for smaller zeta potentials, 
i.e. in higher salt concentrations. 
Figure 5 shows a particle with charge Q surrounded by 
the migrating shear boundary, shown stippled, surrounded in 
turn by the diffuse double layer which blends into the ionic 
atmosphere. The potential is equal to the zeta potential at 
the shear boundary. The exponential decrease of potential 
~'lith distance is shown on the graph. 'Y" is the potential 
at any point in the solvent outside the shear boundary. 
-17- 
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If one imagines a concentric shell outside the 
particle upon which all the excess positive charges in 
the ionic atmosphere are concentrated, then the thickness 
of this electrical "center of gravity" of the ion cloud 
is termed the electrical double layer. This thickness is 
dependent on the salt concentration also, the higher the 
concentration the thinner the electrical double layer. 
It can be seen that while the 'V of the double layer 
surface will be affected only slightly by increasing salt 
content, the zeta potential will decrease markedly. Since 
electrokinetic phenomena occur at the shear boundary rather • 
than at the particle surface, the zeta potential is the 
determining factor for these phenomenon. 
The zeta potential may be calculated from the expre- 
11 ssion: 
41r =constant (evaluated for spherical particles 
by von Helmholtz) dependent on size 
n =coefficient of viscosity of liquid in double 
layer i.e. surrounding medium 
E- =dielectric constant of suspending medium 
µ = electrophoretic mobility = velocity/unit fie.ld 
This relationship shows that mobility is proportional to the 
zeta potential and only indirectly connected with the surface 
charges. 
-19- 
EXPERIMENTAL RESULTS AND DISCUSSION 
A series of experiments designed to meet the objec- 
tives presented in the introduction were carried out. The 
variables wer~ the ATP concentration and conditions of pH 
under which each of the protein solutions was electrophoret- 
Jcally analyzed. 
Series I was run using pentobarbital extracted acto- 
myosin in a phosphate buffer system and varying ATP 
concentration from 0.2 mg/cc to 2.0 mg/cc. 
Series II was a pH study on each of the actomyosins 
using the variable buffer system outlined in Table 1. The 
pH range was 6.5 - 10.5 for the pentobarbital extracted 
material and 1.7 - 9.9 for the R-R muscle protein. 
The third series, using only R-R protein, was run at 
a constant ATP concentration of 0.5 mg/cc over a pH range 
of 7.7 - 10.4 in the phosphate buffer system. The fourth 
series was identical to the third except the constant ATP 
concentration was 4.o mg/cc. 
The experimental results are presented in Tables 3-6. 
In the following discussion the series referred to will 
indicate those outlined above. 
The results from series I indicate that the phenomenon 
being investigated is dependent on ATP concentration. At a 
concentration of .2 mg/cc a barely perceptible peak splits 
off after two hours. At a concentration of .5 mg/cc a very 
-20- 
TABLE 3 
PENTOBARBITAL EXTRACTED ACTOMYOSIN 
Mobility* Zeta Potential 
Eli Ase. Dese. Ase. Dese. 
6.5 -1.73 x 10-5 -1.62 x 10-5 .40 .36 
7.1 -2.36 II -2.32 II .54 .51 
7.8 -7.28 ,, -6.63 II 1.60 1.46 
9.0 -3.01 II -3.42 II .70 .79 
10.5 -6.08 II -5.58 II 1.40 1.29 
TABLE 4 
RYANODINE EXTRACTED ACTOMYOSIN 
Mobility* Zeta Potential 
Eli Ase. Dese. Ase. Dese. 
1.7 8.46 x 10-5 7.69 x 10-5 1.91 
6.8 -4.16 II -2.21 II .96 
7.8 -2.80 II -2.80 II .65 
8 c: -3.58 II -3.50 II .83 .o 
-4.25 II -4.25 II .98 9.9 
* = em2 volt-1 see-1 
-21- 
TABLE 5 
RYANODINE EXTRACTED ACTOMYOSIN 
Mobility* Zeta Potential 
.@. Ase. Desc. Ase • Desc. -- -- No ATP xio-5 
7.7 -5.39 -5.15 1.18 1.13 .70 
8.4 -5.55 -5.56 1.28 1.28 None 
9.4 ~5.80 -5.80 1.34 1.34 .5 
10.4 -8.oo -8.77 1.85 2.02 None 
ATP 
.5 mg/cc 
7.7 -4.22 -5.85 .97 1.28 
8.4 -4.53 -5.58 1.00 1.28 
9.4 -5.91 -6.30 1.36 1.45 
10.4 -5.34 -8.77 1.23 2.02 
2 -1 -1 *=cm volt sec 
-22- 
'l'ABLE 6 
RYANODINE EXTRACTED ACTOMYOSIN 
Mobility* Zeta Potential 
pH Ase. Desc. Ase. Desc. 
No ATP -- 
2.6 9.33 8.75 2.105 1.9 
7.6 -1.84 -1.95 .42 .45 -1.42 
8.4 -3.57 -3.83 .82 .88 
9.4 -1. 92 -1.87 .44 .43 -1.41 
10.5 -2.70 -2.87 .62 .66 -2.27 
4 mg/cc ATP ADDED 
Ase. Desc. Ase. Desc. 
Q1i Fast Slow Fast Slow Fast Slow Fast Slow 
2.6 .03 
7.6 - .55 -.45 -.53 -.14 .12 .10 .12 
8. lJ. -i . 32 -.80 .29 .18 
9.4 - . 52 -.24 -.46 -.14 .12 .06 .11 .03 
10.5 - .64 -.30 -.60 -.20 .15 .07 .14 .06 
* = cm2 volt-1 sec-1 
-23- 
small peak splits off and travels with a mobility higher 
than that of the peak at the lower ATP concentration. This 
::pli ttlng occurs 18 m Lnu tee after the start of the run. 
With a ATP concentration of 1 mg/cc a time for peak splitting 
was observed about two hours after the run was started. 
Using 2 mg/cc ATP, the initial splitting again occurred, with 
larger more well-defined peaks, after a ten minute time lapse 
from the start. A second splitting, recorded only at the 
descending boundary, occurred 100 minutes after the start. 
The later peaks, in all cases where they were observed, did 
not exhibit independent mobilities over a period of 30 min- 
utes. Possibly the secondary splitting in the higher ATP 
concentration range result from diffusion or gravitational 
phenomenon since they are observed only at the descending 
boundaries and only after prolonged analytical runs. 
The magnitude of the secondary peaks increased with 
increasing ATP concentration. This suggests that the ATP 
is bringing about some reaction whose degree of completion 
is dependent upon the amount of ATP present for reaction. 
Possibly if ATP complexed with, rather than dissociated, 
actomyosin, one peak could result from the uncombined acto- 
myosin and the smaller peak of lesser mobility could result 
from the complexed ATP-actomyosin. 
The stoichiometry of the binding sites available on 
the actomyosin and the method of binding ATP to the molecule 
would have to be worked out to check this hypothesis. If 
-24- 
there were teTh sites available but only five molecules of 
ATP could combine, then the above postulated situation could 
exist. It is thought that the ATP combines at the active 
sulfhydryl groups, but the structure of the reacting form 
of actomyosin is not clenr.13 Until further work is done 
to determine the actual number of available sites at a 
given pH, this hypothesis can not be verified~ 
Perhaps the ATP interacts only with the myosin in the 
protein complex, in which case one peak might be due to the 
ATP-myosin complex while the other is that for the actomyosin. 
The Series I data do not indicate dissociation into 
actin and myosin. The mobilities of the two peaks do not 
correspond to those expected for·actin and myosin. This 
observation will be discussed shortly. Also the area under 
the peaks, indicative of the relative amounts of migrating 
substances, does not correspond to the 1:3 ratio 2xpected in 
4 actomyosin. 
In series II the effect of pH on mobilities is observed. 
A given protein will exist at a certain state of dissociation 
uepending on the ion content of the media. The mobility 
under the conditions of constant size and ionic strength of 
the media will vary dir~ctly as the charge on the particle. 
The dissociating groups are determined by which side of the 
isoelectric point one is on. The isoelectric point is the 
pH, characteristic for a given protein, of maximum dissocia- 
tion, balanced charge, and zero mobility. The mobilities 
-25- 
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were calculat~d and the isoelectric points determined by 
extrapolation (Figures 6 and 7) for each of the actomyosins. 
The isoelectric points are pH 4.8 and pH 6.0 for pentobar- 
bital and R-R protein respectively. The commonly quoted 
value for conventional actomyosin is 5.4. 14 A deviation 
of 0.6 pH units based on the deviation of pentobarbital 
protein from the literature values brings the R-R value 
within the error of the 5.4 value. The chief sources of 
error here are in extrapolation for the IEP and measurement 
of photographs. Mobility data close to either side of 
the IEP were difficult to obtain because of the insolubility 
of the protein at these pH points. 
Series IIIa, run at an ATP, concentration of 0.5 mg/cc, 
shows an almost linear increase in the mobility with pH. The 
mobilities in the case of the ascending boundary measurements 
were greater in the absence of ATP than in its presence and 
vice-versa for the descending values (Figures 8 and 9). This 
suggests that a large particle may be formed on addition of 
ATP and that charge does not appreciably change but the 
deris f.t.y does. If gravitational factors are superimposed on 
the electrophoretic ones, then one would expect a slower 
mobility for the ascending boundaries, the gravitational 
force working against the electrophoretic, while in the 
descending case the two are additive resulting in a greater 
mobility. 
Possibly the difference results from the fact that 
-28- 
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corrections were not made for diff'usion effects etc. that . 
must be made in order to meaningfully compare ascending 
and descending values. It is to be noted that in no other 
case is this reversal apparent, suggesting that it is more 
than just a question of physical effects. 
The series IIIB data indicate a pH dependent mobility 
curve with a maximum mobility (Figure 10). Attention is 
drawn to the similarity of the curves for each of the two 
peaks that split off. This parallel behavior in the 
pH-mobility relationship indicates that all three molecules 
must be very similar as far as size, shape, and charge. 
The appearance of two peaks of differing mobilities 
following the addition of ATP leads one to the question 
of what is the nature of each of these constituents? Accord- 
ing to the dissociation theory they should be actin and 
myosin. Myosin is rod-shaped, 1550 ~ x 50 2, and has a 
i:::. 4 molecular weight of 6-8xl0?. Actin is globular with a 
4 4 mol~cular weight of 6xl0. On a physical basis alone one 
would expect the mobility of actin to be much greater than 
that of myosin. The mobility values obtained by Dubuisson 
(1950) are summarized in Table 2 and verify this expectation.5 
The mobilities of series III are much slower than the liter- 
ature values for actin or myosin. The effects and interactions 
of the actin, myosin, actomyosin, ATP molecules and solvent 
.rons could be quite large thus reducing or changing the 
mobility values. 
-.:1- 
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TABLE 2 
MOBILITIES OF ACTOMYOSIN AND ITS CONSTITUENTS* 
Molecule Ionic Strength Buffer £!! Mobility 
F' - Act in .4 NA Cl .25M Phos- 7.4 -6.3 phate .05M 
G - Ac tin .4 NA Cl .25M Phos- 7.4 -4.6 rhate .05M 
G - Actin .4 Depolymerization 7.4 -4.55 by KI 
Actomyosin .4 NA Cl .25M Phos- 7.35 -3.1 phate .05M 
L - Myosin .4 NA Cl .25M Phos- 7.15 -2.5 phate .05M 
*From Dubuisson{ Biochim Et Biophys ACTA 5: 426 (1950) 
-33- 
The mobility at a comparable pH value for series I 
w Lt h the p .. entobarbital protein is -2.5. This corresponds 
1o the mobility of myosin. The R-R protein has a mobility 
value of -2.0. Again one would not expect to find pure 
myosin in the solution. The lowering or changing of 
mobilities by interactions, even if only electrostatic in 
character, seems to be a plausible explanation for the 
discrepancy in mobility values. Experiments with pure 
actin and myosin in systems exactly similar to those used 
here would have to be carried out to obtain usable mobility 
values. 
A comparison of the change in mobilities brought about 
by the addition of ATP in .5 and 4.o mg/cc doses can be 
made by plotting change in mobility, b.µ versus pH (Figure 
11) where: 
6µ =µwith no ATP - µwith ATP 
The absolute values of the mobilities of the two solutions 
differ because they were from two different extractions. 
It is seen that the addition of 0.5 mg/cc ATP produces a 
small or no net increase in mobility while 4.0 mg/cc pro- 
duces significant decreases in the mobility magnitude. 
These results again indicate a stoichiometric dependence 
on actomyosin binding sites and concentration of ATP. This 
is strong evidence that the A~P-actomyosin complex formation 
occurs at the sites of charge. With the high ATP concen- 
tration, the charge on the actomyosin is greatly reduced 
-34- 
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after combination. This is reflected in the reduced 
.. 
mobility of zeta potential magnitudes. The direct relation- 
ship of mobility and zeta potential is demonstrated by this. 
µ = (K 
Figure 12 shows this relationship. The linearity indicates 
that this relationship is valid under the experimental 
conditions. 
A further comparison of mobility behavior with pH for 
the pentobarbital actomyosin and the R-R protein is presented 
in Figure 13. The R-R protein shows a regular increase in 
mobility with increasing pH as might be expected from the 
increased charge on the particle. The regular actomyosin 
shows a maximum mobility in the range between pH 7.5 - 8.5. 
This is not unusual protein behavior although the exact 
explanation depends on the nature and structure of the protein. 
The shape of the curve in series IIIB (Figure 8 and 9) exhibits 
a maximum in a similar pH range. The buffer system is diff- 
erent than that used in the data for Figure 13. The effect 
of different buffer systems on protein behavior is evident. 
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SUMMARY 
The Tiselius method of free flow electrophoresis was 
utilized to study the influence 01· ATP concentrations and 
pH on the mobility and zeta potential characteristics of 
actomyosin derived from rabbits which had been either 
rigored in~ with ryanodine or anesthetized with pento- 
barbital sodium. 
Increasing ATP concentration was accompanied by peaks 
of increasing size splitting off with higher mobilities than 
the original peaks. A third splitting was observed which 
did not exhibit an independent mobility. The increasing 
peak size with increasing ATP concentration suggested a 
reaction that was dependent on the amount of ATP present. 
One peak splitting off on addition of ATP suggested a 
reaction other than dissociation into actin and myosin. The 
mobilities from series III, when compared to values for actin 
and myosin, support this conclusion, as the mobilities of 
the splitting off peaks were not comparable with the liter- 
ature values given for actin and myosin. The effects of 
dissimilar buffer systems should be kept in mind in making 
such comparisons. 
The ~soelectr~c point determinations indicated a 
possible difference in size and charge of R-R actomyosin and 
pentobarbital-treated muscle actomyosin. More data would 
be necessary to support this conclusion since the error in 
-39- 
extrapolation could be significant • . 
The pH dependence of mobilities was apparently different 
for the two actomyosins. The pentobarbital actomyosin ex- 
hibited a pH at which the mobility has a maximum value while 
the pH behavior of R-R muscle actomyosin exhibited no such 
maximum. 
The effect of .5 mg/cc ATP on act?myosin over a pH 
range was to produce a very small increase in mobilities 
while ATP at 4 mg/cc produced significant decreases in 
mobility magnitudes. This could indicate a dependence on 
the number of sites on the actomyosin and on ATP concentra- 
tion. The large change in mobilities suggested combination 
of ATP at the sites of charge on the actomyosin. 
The data indicated differences in the properties of 
pentobarbital actomyosin and R-R muscle actomyosin. There 
was also evidence for ATP bringing about some stoichiometric 
combination rather than a dissociation into actin and myosin. 
Further work will be necessary to verify these conclusions. 
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